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57 Vitreous ceramic materials, process for fabricating these 
materials and their application hi the bonding of ceramic parts. 

Vilrcous ceramic miileriuls. including silica, aluminq. 
magnesiums and yttrium oxide. 

Their respective weight quantities corrcs|>ondeat to the 
inequalities : 

32.5% SiO, + MgO 77.5%: 17.5% AMfc 62.5%; 
5%YA 51)%. 

Application of these lruilerials to the bonding of parts of 
the wane type of silicon carbide, silicon nitride or Si Al ON. 
yttrium oxide facilitating ihc welling of an adhesive panic emio llw 
surface of the parts. 
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Vitreous ceramic materials, p rocess for fabricating thesejnatfiriala anriJ h fi jr 

a pplication. A , 

This invention relates to new vitreous ceramic materials derived from 

silica, alumina, magnesia and yttrium oxide. 

More and more frequently., new crystalline ceramic materials are being 
employed, such as silicon carbide, silicon nitride, nitrides of silicon modified by 
the addition of oxygen and aluminum in their crystalline lattice, for the fabrication 
of parts and devices designed to be subjected to major mechanical stresses at 

elevated temperatures , 

It is, however, difficult to assemble parts of these materials by bonding, as 
that requires adhesives resistant to elevated temperatures and to stresses brought 
about by thermal expansions, presenting a coefficient of expansion little different 
from those of the materials to be assembled, and wetting them well. 

The present invention has as its goal to provide materials that can be 
utilized as adhesives for bonding the crystalline ceramic materials mentioned 
above 

These materials are composed from mixtures of silica, alumina, magnesia 
and yttrium oxide, corresponding to the weight ratios 

32.5 % < Silica and Magnesia < 77.5 % 
17.5 % < Alumina < 62.5 % 
5 % < Y 2 0* < 50 % 

Such materials correspondent to the area of the triangle 1CB of the 
diagram [of] ternary silica+magnesia-alurn^ 1 of the 

attached diagrams, Among these materials, those corresponding to the area of the 
triangle ABC may be manufactured from a base of cordierite, alumina and 
yttrium oxide and are represented by the area ABC of the ternary diagram 
cordierite-alumina-yttrium oxide of Figure 2 , whose sides correspond to the 
limits of the compound (by weight) 

50% < Cordierite < 95% 

0% < Alumina < 45% 

5 % < Yttrium oxide < 50% 
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or, expressed in magnesium 
oxide : 6.9% to 13.1% 

} silica + magnesium + 32.5% to 61.7% 

silica : 25.6% to 48.6 % 

alumina : 17.5 % to 62.5 % 
yttrium oxide : 5 % to 50 % 

The above materials may be addhioned by at least one metallic oxide 
fevoring their devitrification, such as titanium dioxide, zirconium, zinc oxide, in 
a ratio ranging up to 5 % by weight, which improves their mechanical resistance 
to heat between 1000° and 1350^C. 

These vitreous materials thoroughly wet the crystalline ceramic 
materials, such as silicon carbide, the silicon nitrides and the modified silicon 
nitrides (Si Al ON), due to the presence of the yttrium oxide which acts as a 
wetting agent They permit the formation of strong adhesive bonds of minimal 
thickness. 

As they are oxide-based and present an elevated vitreous transition 
temperature (between 900° and 100° C [sic?]), they are perfectly suited to 
equipment operated with heat, possibly in an oxidizing atmosphere, particularly 
in heat exchangers at around 800T 

These types of glass may be devitrified, either by addition of the metal 
oxides mentioned above, or by one or more slow cooling cycles. 

The most general process for fabricating the above vitreous materials 
consists of mixing the powders of silica, magnesia, alumina and yttrium oxide by 
milling in a container, melting the obtained powdered mixture at a temperature 
above 1500° C under oxidizing atmosphere, particularly with air, then allowing 
the glass that has formed to cool. For the materials in which the ratio of the 
quantities of silica and alumina correspond to that of the cordierite, or mixing of 
the natural or synthetic cordierite, of alumina and yttrium oxide by milling in a 
container, then similarly melting the obtained powdered mixture at a 
temperature above 1500° C under an oxidizing atmosphere and allowing the glass 
thus formed to cool. 
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The invention extends finally to a process for bonding parts of the same 
type of silicon carbide, silicon nitride or modified silicon nitride (Si Al ON), in 
which a vitreous ceramic material such as defined above is crushed, the milling 
container in a liquid medium, dried, a binder and a solvent added to it in order to 
form a paste, this paste [then] applied between the parts to be glued, the 
assembly dried in an oven, then it is raised to a temperature in the neighborhood 
of around 1400° C with neutral atmosphere. Preferentially, after this heating at 
around 1400° C, the bonded parts are subjected to one or more slow coolings to 
assure the devitrification of the bonding material. 

Described below, by way of example, is a step for synthesizing a vitreous 
ceramic material, a step for applying this material onto the parts to be assembled 
and for firing of the assembly, as well as a heat exchanger, represented by 
Figure 2 of the diagram, assembled using such a ceramic material. 

EXAMPLE 1 ■ Synthesis of a vitreou s ceramic material 

After fine mixing of the raw materials (silica and magnesia, alumina and 
yttrium oxide, or cordierite, alumina and yttrium oxide) by milling in a container, 
the powders are brought to fusion at around 1550° C in the presence of air, by 
prolonging the treatment for 2 hours. After cooling, the glass is crushed and 
milled in a container, in an aqueous medium, until the average size of the grains is 
less than 80 microns. With the use of this method, a very homogeneous material 
is thus obtained. 

EXAMPLE 2 - Applicatioiii)lJ3i6^ks5 and firing of the assembly - 

A binder and a solvent are added to the ground glass powder. Different 
binder-solvent combinations may be used. 

According to a first variation, the binder may be a cellulose ether that is 
dispersed in water. One may thus prepare a cellulose ether gel commercialized 
under the brand name "Bermocoll E 600" in water at 4%, and mixing the milled 
powder of the vitreous material into this gel in the proportion of 60 to 80% by 
weight of the powder for 40 to 20% of gel. 

The binder may likewise be a polystyrene plastified with the help of 
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butyl phtalate, that has been dissolved in a solvent such as trichlorethylene. For 
example, a solution may be prepared containing 5% polystyrene by weight, 5% 
of butyl phtalate and 90% of trichlorethylene. This solution is mixed with the 
vitreous material in the proportions of 60 to 80% by weight of powder for 40 
to 20% of solution. 

It is equally possible to utilize as binder a polysaccharide dissolved in 
water at the rate of 10% by weight 70 to 80% of the milled powder of the 
vitreous materia] is mixed with 30 to 20% of solution. 

In this manner, with the help of the binder and the solvent, a paste is 
prepared that can be applied with a brush to the parts to be bonded . The choice 
of the binder has been determined so that the paste is sufficiently fluid to flow into 
the thin interstices (of some tenths of mm), but presents sufficient rigidity to 
remain in place without flowing, in the case of vertical joints. 

Following oven drying, the assembly is gradually brought to around 
1400°C under neutral atmosphere (argon). 

The practitioner may subject the vitreous material forming adhesive 
between the parts at slow cooling cycles assuring its devitrification if it is deemed 
necessary. 

In particular, vitreous materials were prepared to present the following 
weight compositions (points D, E, F, G, of Figures 1 and 2). 





D 


E 


F 


G 


Cordierrte 


60 


60 


60 


70 


Yttrium oxide 


40 


30 


20 


20 


Alumina 


0 


10 


20 ' 


10 



or in weight percentages in oxides 
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D E F G 

Silica + Magnesia 
Yttrium Oxide 
Alumina 

A silica + magnesia, yttrium oxide and alumina-based compound was 
also prepared, in which the ratio of the quantities of silica and alumina did not 
correspond to the cordierite (point H of Figure 1). 

Silica + Magnesia 71,75 % 

Yttrium Oxide 20.75 % 

Alumina 17.50 % - 

The expansion coefficients of the component materials corresponding to 
the area of the triangle ABI of Figure 1 vary in large proportions, and it is thus 
possible to choose from among these a material with an expansion coefficient in 
the vicinity of that of numerous crystalline ceramic materials . 

Vitreous ceramic materials were utilized according the invention in 
particular in the assembly of heat exchange elements of fritted silicon carbide, 
designed for operation in turbines [engines]. These exchangers, whose basic 
outline is represented in Figure 3, are comprised of more than 200 tubes such 
as the tubes 1 of the figure, assembled on the external edge flanges 2, 
The external 3, internal 4 plates [shell] and edge closing discs 5 are sealed 
onto each other with the same vitreous material. All these bondings thus assure 
the tightness between the cold flux (for example, cold air) that circulates in the 
tubes and the warm flux (warm air) that circulates in counter-current around the 
tubes. The joints such as 6, 7, 8 of the vitreous ceramic material have 
withstood temperatures [generated? - illegible] by hot gases 



39 39 39 45.5 

40 30 20 20 
21 31 41 34.5 
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raised to 827°C without alteration. 

Although the fabrication process for the vitreous ceramic materials 
described above appears as the preferred form of the invention, it is understood 
that diverse modifications may be applied to it without departing from its scope, 
the binders and solvents cited arc capable of being replaced by others that would 
fulfill the same technical role. 
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CLAIMS 

1/ Vitreous ceramic material, including silica, alumina, magnesia and yttrium 
oxide, characterized in that their respective weight quantities correspond to the 
inequalities 

32.5 % < Silica and magnesia < 77.5 % 
17.5 % < Alumina < 62.5 % 
5 % < Y 2 0 3 < 50 % 

21 Materials following Claim 1 5 characterized in that > the ratio of their quantities 

of silica and magnesia correspond to that of the cordierite. 

3/ Materials following Claims 1 and 2, characterized in that they include 

additionally up to 5% by weight of at least one metallic oxide favoring their 

devitrification. 

4/ Materials following Claim 3, characterized in that the devitrifying metallic 
oxide is selected from the group composed of titanium dioxide, zirconium and 
zinc oxide. 

5/ Fabrication process for a material following Claim 1, characterized in that 
the powders of silica, magnesia [J alumina and yttrium oxide are mixed by 
milling in a container, melting the obtained powdery mixture at a temperature 
above 1500*C under oxydizing atmosphere, then allowing the glass formed to 
cool. 

6/ Fabrication process for a material following Claim 2, characterized in that 

the powders of cordierite, alumina and yttrium oxide are mixed by milling in a 

container, melting the obtained powdery mixture at a temperature above lSOO^C 

under oxydizing atmosphere, then allowing the glass formed to cool. 

7/ Application of the materials according to one of Claims 1 to 4 to the 

bonding of parts of the same type of silica carbide, silica nitride or modified silica 

nitride by addition of aluminum and oxygen. 

8/ Process for bonding between parts of the same type of silicon 



[Note : Claim 6 is an exact duplicate of Claim 5, in the French original. - 
Translator.] 
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carbide, silicon nitride or modified silicon nitride by addition of aluminum and 
oxygen, characterized in that a material such as any one of the Claims 1 to 4, is 
crushed, milling it in a container in a liquid medium, drying it, adding to it a 
binder and a solvent in such a way as to form a paste that wets well the parts to be 
bonded, applying this paste between these parts, drying the assembly in an oven, 
then bringing it to a temperature around 1400°C under neutral atmosphere. 
9/ Process for bonding following Claim 8, characterized in that a cellulose 
ether is utilized as a binder and water as solvent. 

10/ Process of bonding following Claim 8, characterized in that plastified 

polystyrene is employed 35 binder and trichiorethylene as solvent 

1 1/ Process of bonding according to Claim 8, characterized in that a 

polysaccharide is employed as binder and water as solvent 

12/ Process of bonding following one of Claims 8 to 11, characterized in 

that a vitreous ceramic material additioned by a devitrifying metallic oxide is 

used. 

13/ Proccess of bonding following one of Claims 8 to 12, characterized in that 
after heating to 1400°C under neutral atmosphere, the glued pieces are subjected 
to at least one slow cooling cycle assuring the devitrification of the bonding 
material. 
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MateVlaux oepamiques vltreux, progeria da fabrication de tels matBrlaux 
et application de oes demlara 

La present© invention coneerne de nouveaux materiaux ceYaHiiquas 
vitreux a base de silioe, d f alumine, de ma&nesie et d"oxyde d'yttriun. 

On utilise de plus en plus frequemment de nouvaaux materiaux c£ra- 
miqqea eristalilns, tela que le oarbure de silicium, le nitrure de sili- 
cium, lea nitrures da ailioium modifies par addition d'oxygene et"d' alu- 
minium dans leur reseau oristallin, pour la fabrication de pieces et 
d'appareils destines k etre soumis a d©s oontraintes m«5caniques impor- 

tantes a temperature elevSe. 

II eat toutefois difficile d'aesembler dee pieces en oes materiaux 
par collage, oar eela necessiterait des adhesifs resistant aux tempera- 
tures elevees et* aux oontraintes entralneea par les dilatations thermi- 
ques, presentant un coefficient de dilatation assez p«u different de 
ceux de3 Materiaux k assembler, eb raouillant bien oeux-ci. 

La presente invention vise h proourer des materiaux utilisables 
oomme adhesifs pour le collage des materiaux ceramiques eristallins men- 

tionnes ci-desgus* 

Ces materiaux aont eonstitues par lea melanges de ailiee, d'alu- 
mine, de raasnlaie ebd'oxyde d" yttrium repondant attsc proportions ponde*- 
ralee 

32,5 % ^ Silioe at magnesia ^ 77,5 * ' 
17^5 f £ alanine ^52,5 % 
5% 4 Y 2 0 3 < 50 % 



De tela mateYiaux correspondent h l'aire du triangle ICB du dia- 
gram** ternaire Silios + magneaie-alumine-oxyde d' yttrium de la figure 1 
du dessin annexe*. Parmi ces materiaux, osux correspondent a l*aire du 
triangle ABC peuvent etre fabriques en«partant de eordierite, d'alumine 
et d*oxyde d' yttrium et sont representee par l'aire ABC du diagramme 
ternaire cordierite-aluroine-oxyde d 'yttrium da la figure 2', dont lea 

* < 

cStls correspondent aux limites de composition (en poids) 
50t ^ oordierite ^ 95J 
0? ^ alumina ^ *5$ 
5< ^ oxyde d' yttrium ^50* 
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ou, dXprime©3 en oxyde 

ttBgn e S ie : 6,9V - - , ^ = ^ ft ^ 




allies : 25 
alumine t 1?»5* a 62,5* 

oxyde d» yttrium : 5* & 50? 

Lea matiriaux ei-dessus peuvent Stre additions* d'au mains un 
oxyde mStallique favorisant leu* deyitrlfioation, tela que le bioxyde de 
titanc la fircone. Lc^de da .in.. - Portion aOU»t SJ- 
poids, ee qui saeliore lour rSsiatanoe mecaniqae a ebaud entre 1000 

St 135 C« inaterleux vit«u* aouillent bian lea matSriaux eereaiques 
eristalllns, tela qua le earbure da silleiuio, lee aitrurea da silieium e* 
1M nitrares de silieium modifies (Si M OH), grace fc la presence da 
1. oxyde d'yttriua qui joue le role da mouillant. He parmettent da Tomer 
dea Joints tres adbSrents de faible dpaisseur. 

Comme ila aont k base d'oxydes at presented uae temperature de 
tranaitioa vitreuse eleyea (antra 900« et 100*0) , ■ U- oonvienaent par-, 
faitement dens rapparelUage fonetionnant a caaud, evantuallement an 
20 atmosphere oxydante, notamnent dans lea eohaageurs tbermiques reaction- 

■ 

pant vers 80O«C. ■ ' 

Ce« verrea peuvent Stre d^itrifies, aoit par addition dea oxydea 
metalliques mentiom.es oi-desaus, aoit par un ou pluaieura oyclea de 

refroIfliBsement lent* 
25 U precede de fabrication le plus general dea material** vitreux 

ai-deaaua consists a melen B er dea poudres de silioe. da aegnaaie, d-alu- 

mins at d'oxyde d'yttrium par broyage en jarre. a f cadre le flange 

pulverulent obtenu k una temperature superieure a 1500*C soua etBoaph&re 

oxydante, notamment k i'air, puis k laiaaer refroidir le verre form*. 

30 Pour les materiaux dont le rapport dea quantites de silica at d' alumine 
correspond k celui de le oordierita, ou mileage dea poudrea de oordierite 
natureile ou syntbetique, d'elumine et d-oxyde d'ybtriu* par broyage an 
Jarre, puis food egalement le melange pulvfirulent obtenu ft una tempera- 
ture superieure h 1500* ecus atmosphfere oxydante et laisse refroidir le 

35 verre forme- 
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L-invention e-etend mtl* a un precede de collage d. pieces de -J- 
nature e» carbure de eilieiu*. nltrure de allied ou nitrure -de eilieiu* 
^.C-lUC). dans le,«el on concave un ~ o^xo 
vitreux tel q«« defini ei-dasaus, 1* broie en Jarre en 
seohe, l-additionee d'un liant et d'un aolvant do faoon a former una 
pate, applique cette pate sntre lea pieces a collar, scene Leasable an 
iJ>. puia le Ported uaa texture voisine da itOO'C sous n1*o.p h ere 
neutre. Da preference, apraa ca cbeuffag. vera itOO-O. on .._» 1« 
pCI eollL a un o« plusieum refroldieeenenta lents assurant la 
devitrification du aateriau da collage. • 

II eat daorit oi-apr**, a titre d'exemplea, una operation da ayn- 
theee d'un materiau oeraaique vitreux, urie operation da depose de ce 
Parian sur dea pieces* assembler et de cuiason da Laaaemtlase, ainai 
"u.un eobangeur de enaleur, represent* en figure 3 du dentin. .«.— 1. a 
i«aid« d'un tel materiau eeraaique- 

B vm,Pt.B 1 - a» B "*~ d.ua nat^n nfiraalque vitreux - _ 
; 6ianse lntl ^ de8 premlfer€a (ailiee a* aagnesie, 

alanine et oxyde. d'yttriu*. « oordierite, alanine at oxyde d'yttriurf 
par Wage en Jarre, on a»Sne a la fusion lea poudrea an voieinage 
ITl»0-C en presence d-air, en prqiongeant le traltement -2 beures. 
Apree r ef roidissement, ia ver,e eat. coneesae et broye en 
acueux, juaqu.a. ee que la dimension moyenne dea grains aoit incisure 
a 80 microns. On obtient alnai un materiau vitreux bien nomogene. 

tt TEMPi.* 2 - De > ™« du verre *t, rn1»son d> assemblag e^ 

Qn ajQut ;. & la peudre d8 verre broyee : un liant et uh solvent. On 

W ut etiliaer dlfferents couples liant-solvant. 

Selon una premiere variante, le lianfpent etre nn ether cellule- 
siau* que 1'on disperse dana. 1'eau. On pent ainei preparer un g«l de 
I! cell«iosi q ue conu.ereialiae ecus la " 
i 9a mocoll B 600* dana 1'eau a At, et flange la poudre broyee du mate- 
PBarooeoll o« ppoporti o« do 60 k 80* en poida de poudre 

pour a 20* da gel. . % . . 

Le liant peut Stra egale»ent un polystyrene plastifie a 1'aide de 
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diasous dans 1 eatt 8 . . ™ » 2.0% de solution* 

p.udre broye* *> »*teriau vitrei i 3 ^ ^ p£fce sttaee „ 

0„ cant™ ainsi a x' — dul^* & ^r. f . enei* *» 

tible d'etre deposes su pineeau aur * P -(|fftt-— flui «* pour 
. lia nt a eta effeetua de facon : dlBt&B a.«e -J. 

...cooler, dans das iaterstiees snneea < J _ B 'ecouler dana la 

vacate ass** da ri 8 ldite pour re_*ter - 

— e da 1.00-C sous f-^"2^£^. — ^ 

On pent aou-attra la J^^E* 1** — * - 
entre lea places a das eycles de refro*^ 

trifloation ai on le .i^ux presents 

a a eta preparo en particular les «* fjgiwfiB , 

lea compositions pondfirales sulvantes (points D» »t 

et 2). 
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o*yd« d'yttrium 



Alum ins 
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0B en pouroentases ponderau* an o*ydes 
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Silica + magnesie 



Oxyda d» yttrium 



Alumina 
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m 




une 


composition 


k 



base de 



silice + maenesie, oxyde d^yttriun et alumine, dans laquelle le rapport 

das quantitia de silica et d r alumina ne eorrespondait pas a la cordierite 

> 

(point H- de la figure 1) 



15 



20 



25 



30 



Silice + magngsle 
Oxyde d' yttrium 
Alumina 



71,75 t 
20,75 % 
17,50 t 



35 



Lea coefficients de dilatation das material** de composition cor- 
respondent k l'aire du triangle ABI de la figure 1 variant dans de larges 
proportions , et- l r on peut done choisir parni eeux-ei un matlriau de 
eoef fieient da dilatation voisin de oelui de nombreux materiaux eerami- 

ques cristallins. 

On a utilise des raatariaux oeramiques vitreux selon l 1 invention en 
partiouliar pour 1' assemblage d« Elements d'eenangeurs de chalaur en oar- 
bure de silieium fritte*, destines a fonctionner aaaa des turbomaohines • 
Ces eohangeurs, dost un schema de prinoipe eat repr&sante en figure 3» 
sont constttues de plus de 200 tubes tela qua lea tubes- 1 de la figure, 
assembles sur des flasques d^extremite" 2. Les. viroles externa 3, 
interne H et disquas de fermeture d'extremite 5 sont aoelles les una aux 
autres aveo le aSme materiau vitraux. Tous eea collages assurent ainsi 
l f etanoh^ite entre le flux froid (par example air froid) qui eiroule dans 
les tubas et le flux ohaud (air ehaud) qui oireule a contre-courant 
autour des tubes. Les Joints tela que 6, 7, & en materiau ceramique 
vitreux ont supports des temperatures enj^iO.'Sej par des gaz ohauds 
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portes k 827*C sans alteration. 

Bian que la procade da fabrication das materia** oarwlQUM tI- 
treux dacrit oi-dassus paraissa la forna d'exeoution da 1'imoUo P**- 
finable, on oomprendra que diverse, modifiaetlona pa-vent lui aire 
apporteea sans aortir da son eadre, las Hants at solvanta cantlonn^ 
pouvant pouvant Stre replaces par d'autres qui jou.raiant la alma r8la 

technique . _ 
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REVINDICATIONS •* 

!/ Haterlaux oSramique vitraux, comprint da la ailice. de l'alunine. 
de la aagneaie et de 1'oxyde d'yttriua, earactarisea en ee que leurs 
quantise pcnderalea respeetives rapondent aux ln^ealitas- 

32,5 t ^ Si0 2 + MgO ^ 77,5 % 
■ 17,5 f£ &1 2 °3< 6z ' 5 * 

5*< y 2°3< 50 * 

2/ Material eelon la reyendication 1, earaoteriaes e« oe que' le rapport 
da leura quantitea de silloe at de nagnisie correspond a celui da la 

■ 

cordl£rita. ■ _ 

3/ Hateriau* eelon lea ravendicetiona t ou 2, oaraetariefia en ce- qu lia 
coaportent en outre Juaqu^ 5* en poide d'au -oina an oxyde ^talliqua 
favorlaant leur devitrifioatlon- , tm **, 
«/ Materiau* eelon la revindication 3, earaetsriaas. an ee qua 1 oxyda 
^tallique devitrifiant eat ehoiai dans la groupe «onatitu£ par le 
bioxyde de tltane, la aireone et 1'oxyde de zinc 

5/ Freeze da fabrication d'un niateriau aelon la revendication 1, earae- 
tlrise en oe que !•« melange dea poudrea de HU». * 
n ine at d'oxyde d'yttriua par broyage an Jarre, fond le melange pulveru- 
lMt obt6nu . a une temperature euperieure a 1SOO-C eoua atmoapbfcre an- 
dante, puis laiaae rafroidir le verre form*. 

6/ Precede de fabrication d'un matlriau aelon la revendication 2, carao- 
teriae an ca qua 1'on flange dea poudre* de cordilrite, d'alumine et 
d'oxyd. d'yttriu* par broyage en 3 arre, fond le nelao B e pulverulent 
obtanu a una temperature auperieure k 1500-O acua atmosphere oxydante, 
puis laiase refroidir la verre forme. ' ■ 

7/ Application dea materia* aelon V— ravandicatlona T a « a« 
collage de piocea de mime nature en oarbure de ailieium, nitrure de 
sUioium ou nitx-ure de silicium modifie par addition aluminium et 

p 

d' oxygens e _ _ . 

8/ Precede de collage entre ellea de pieoea de mSme nature en oarbure de 
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«^«4* u salon l'une dea revendiaations 1 a ». 1® . . . 

un ostet»iau sexon a ^ «,« nmt et d'un sol van* de 

oette pSt© entre ees pile**, 1 enaein 

- . m< «4 ne de 1100'C seoa atmosphere neutre. 
one teaparature voisine da g earaeterisS en ce que 

ii* 4. «niia«ft aelon la revendieatlon »» caracte « 
9/ ProcedS da collage seior . 80l7ant de i^aui 

.ron umia* com* Itant u« ether cellulose et 

m ,i s » selon la revendloafcion 8, oaraeteri.se 
10/ Prwede da colla B e selon la „ lmtlfi4 st cM m e eolvant le 

Von utilise coame liant du polyatyrane plastlfia 

^T'rre'ollage seion la revendication 8, ea~cter ia e en ee «. 
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FIG. 2 



2MgO-2Al203-5Si0 2 

Ai 



Y203 




AI2O3 



PAGE25B2 ' RCVD AT 1218(2004 3:46:57 PM [Eastern Standard Time] ' SVR:USPTO€FXRF-1/6 ' DNIS:8729306 4 CSID:651 736 3833 * DURATION (mm-ss):10-34 



'DEC. 8. 2004 2:54PM OIPC 220 12W 01 



NO. 8967 P. 26 



2/2 



FIG. 3 



2538370 V 
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